INTRODUCTION
POPULATIONS of the New Zealand grasshopper Phaulacridium marginale are known to be polymorphic for both B chromosomes and for supernumerary segments on the smaller members of the chromosome complement (Martin, 1970; Westerman and Fontana, 1973; Westerman, 1974 Westerman, , 1975 . Seven of 32 populations sampled from South Island over a 3-year period have been found to contain B chromosomes, the frequency of male B carriers in the population varying from 3 to 50 per cent. These frequencies appear to be stable from year to year. Many of the same populations are also polymorphic for supernumerary heterochromatic segments (Westerman, bc. cit.) .
The present paper extends the study of Ph. marginale populations to the North Island of New Zealand.
MATERIALS AND METHODS
During the 1973-74 meiotic season, population samples were taken from nine different sites on North Island (N.J.) (see fig. I and table 1) as well as from three previously sampled South Island (S.I.) sites, Lindis Creek (LC), Otematata (OT) and Areoa Station (AO). Since previous collections have suggested the existence of two morphologically distinct types of individuals on S.I. (Westerman, 1974) , all bodies were retained for examination following removal of testes. These were fixed irs acetic alcohol (1 : 3) for subsequent cytological investigation. 
RESULTS AND DISCUSSION
Morphologically all individuals from the nine N.J. populations sampled, as well as those from AO were of the same type and corresponded to the "larger" individuals from S.!. (see Westerman, 1974) . The 1974 samples from LC and UT were still wholly of the "small" type of individual. The data available therefore suggest that the" small "individuals of Ph. marginale are restricted to the Mackenzie Plains-Cromwell region of South Island.
Transects of two areas in this region where populations of "large" and "small" individuals are found close together will be completed in the coming season to ascertain the degree of spatial separation between them.
Seven of the N.J. populations had heterochromatic B chromosomes in from 4 to 50 per cent of the males sampled (qB = 002-034, see table 1). In every case the B chromosome was of the same morphological type-a small telocentric element about one-third of the size of the X chromosome. The X is itself telocentric and is the second largest member of the complement of Ph. marginale. Like the X chromosome of the related species Ph. vittatum (Westerman, unpublished observation) , the heterochromatic X of Ph. marginale is often seen to have a small, lighter staining region close to the centromere (plate I, a). A similar constriction is often seen on the B chromosome (see plate 2, e, Westerman, 1975) .
The meiotic behaviour of the B chromosomes was identical to that already described for the S.I. populations (see Westerman, 1975) , the segregation of the B at anaphase I being at random relative to the X.
The B chromosome of the AU population, as in the 1973 collection, was also a "small telocentric" type. This was true also of the B found in the OT population and recorded here for the first time. The B chromosome of the LC population was still of the "large telocentric" type recorded in 1973. Thus, like the large B chromosome of Ph. vittatum, that of Ph. marginale is stable. As has been previously argued, the large B chromosomes of Ph. marginale (and of Ph. vittatum) may well have arisen by non-disjunction from the X chromosome (see Westerman, 1975) . These large telocentric B's may subsequently evolve into the " small telocentric" type by loss of distally located chromatin, and then into metacentric isochromosomes by centromeric misdivision. Although the origin of B's in this way may be frequent and even geologically recent events, the widespread occurrence of the small telocentric "derived" B chromosomes indicates that the polymorphism is indeed quite old unless the evolutionary step from "large" to "small" telocentric type occurs rapidly following inception of the B. To date no populations of Ph. marginale have been encountered in which more than one type of B chromosome has been found. Although this could perhaps be related to the relatively small sample sizes used in the study (approx. 25 males), it is of interest to note that in a similar sized sample taken of one population of the related species Ph. vittatum, males have been observed containing B's of both sorts (Westerman, unpublished observation) .
In the six N.J. populations in which more than one B carrier was found, analysis of the chiasma frequency data showed that in only one case (SB) was the B chromosome significantly associated with high mean cell chiasma frequency. The effect of the B chromosome in this population was to raise the mean cell chiasma frequency by 1.75 chiasmata. No effect on mean data (Westerman, 1975) . Seven of the N.I. populations were also found to be polymorphic for supernumerary heterochromatic segments on the S11 chromosome, six of them being simultaneously polymorphic for the B's described above. The extra segment was located at the centric end of the S11 chromosome, making it sub-metacentric. In no case was there any significant deviation of observed karyotype classes from Hardy-Weinberg expectations, and the frequency of segments (q11) varied from OO2 to 0O7 (see table 1). These low frequencies together with the lack of significant effect of S11 heterochromatin on chiasma frequency are in agreement with those recorded from S.!. populations (see tables 3, 5 and 6, Westerman, 1975) .
A new polymorphism was encountered in two populations (South Makara and Areoa Station). This consisted of an extra block of heterochromatic material located at the proximal end of one of the smaller medium-sized chromosomes making it acro-rather than telocentric. In all five individuals (two from SM and three from AO) containing the extra M segment, this was present in all germ-line cells and in early prophase was visible as a positively heterochromatic body at the centric end of one of the mediumsized chromosomes (see Plate I, b). The bivalent carrying the extra segment was therefore "unequal" in that there was from four to five times more heterochromatin at the centric end of one homologue as compared with the other. The acrocentric nature of the segment bearing chromosome could be clearly seen at anaphase I and metaphase II (see plate I, g, h).
In spite of the heterochromatic nature of the extra material and the similarity of its coiling cycle to that of the X, no association was seen at any stage between this segment and the X chromosome. One of the two individuals from South Makara also contained a heterochromatic B chromosome in all germ-line cells. Once again there was no association between the segment and this B chromosome. This behaviour is also true of a heterochromatic supernumerary segment (K10) and a B chromosome in Maize (Snope, 1967) . With respect to the rest of the complement, the M segment appeared slightly negatively heterochromatic at late diakinesis and metaphase I, as did the X and B chromosomes (plate I, c). Indeed, it was observed that the centric end of the non-segment carrying homologue was also slightly under-condensed at the same time (plate I, d). The anaphase behaviour of the unequal bivalent was such that it divided reductionally at Al and equationally at All. The extra segment appeared to segregate at random with respect to both the X chromosome (table 2, a) and the B chromosome (table 2, b, and plate I, c, e) at anaphase I.
The lack of association between this large heterochromatic segment and either the X or B chromosomes suggests that it has not arisen as a result of a translocation between one of these and an autosome (see also Snope, 1967; John, 1973) . Rather, like the segments on the S9, S10 and Sj chromosomes of Ph. marginale and on the S11 of Ph. vittatum (Rowe and Westerman, 1974), this extra material has most probably arisen by tandem duplication of pre-existing material. This could be at the distal end of the chromosome (S9 and S) or at the centric end (S11 and M chromosome). The latter region is known in many organisms to be rich in highly repeated sequence DNA (Pardue and Gall, 1972; Gall et al., 1973; Hearst et al., 1973 )-material which often appears to increase in a saltatory fashion. Some 31/2-B highly repeated sequences may also be located at the distal ends of chromosomes (Rae, 1972; Brown and Wilmore, 1974) . The centric region of the chromosomes of Ph. marginale are also positively heterochromatic during early meiosis. This may explain the coiling behaviour of the S11 and M segments which occur in this region. That the M segments (and S11 segments) appear as short arms suggests that the previous classification of these chromosomes as strict telocentrics may in fact be incorrect. Occasionally in non-segment-bearing individuals one of the smaller M chromosomes is seen to possess what may well be "short" arms (see plate I, f). This is true both of Ph. marginale and Ph. vittatum; however, further work is needed to clarify the nature of these chromosomes and their centromeres. A summary of the known polymorphisms for supernumerary heterochromatin in populations of Phaulacridium marginale is given in table 3. Although the population data available from North Island are to date less extensive than that from South Island, it would appear that polymorphisms for extra heterochromatin are more common in the former. Thus eight out of nine populations from N.J. carry them, compared with 11 out of 32 from S.I. The difference between the two islands may be even more marked when cognisance is taken of the fact that in South Island, with the exception of the SU and AJ populations, all others known to be polymorphic for extra heterochromatin are to be found in two regions-the Mackenzie Plains-Cromwell area and the Awatere Valley. The climate in these regions, characterised by warmer summers and a low annual rainfall, is similar to that experienced by many N.J. populations and may represent ecologically less marginal environments.
Phaulacridium marginale is found throughout New Zealand below 1000 m and may therefore be intolerant of excessive cold. The species' tolerance of excess moisture may well be greater as populations are found in regions of very high annual rainfall, e.g. Milford Sound has more than 6400 mm rainfall per year. The pattern of distribution of the extra material suggests that it can be better tolerated in "central" than in "marginal" populations in the sense of ecological rather than geographical marginality. Mayr (1963) notes that studies on phenotypically polymorphic species "reveal almost invariably that the degree of polymorphism decreases towards the border of the species and that the peripheral populations are not infrequently monomorphic ". The accuracy of this generalization is improved, as Lewontin (1974) points out, if a distinction is made between geographically peripheral and ecologically marginal populations. As with the European grasshopper yrme1eotettix maculatus, where " the selective forces acting differentially upon supernumeraries. . . are dependent upon the overall level of stringency or favorability of the environment" (Hewitt and Brown, 1970 ; see also Hewitt and Ruscoe, 1971) 
